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INTR 00 UCT I ON 
Nitrog en (N) is  cons idered to be one of  the major nub,"ient 
el ements r equir ed in  obta ining maximum cr op pr oduct i on .  It has 
been stated that in order to keep at the same pr oduct i on level  
that we have now,  two to three t imes as  much cr opl and would be 
requir ed if we used i930 technol ogy and fertil izer (16). Nitrogen 
is an important r esour c e .  But with pr ice  incr eases , shoT·tag e  
poss i b i l i t i es and ecol og ical  impl icati o�s of  n itrate tox icity, a 
new outl ook on nitr ogen uti l i zat i on is be ing taken. Incr eas es in 
the pr i c e  of N ar e well known to everyone who is connected with 
agr i cul ture. As for shortage poss ibili t i es ,  the Un ited States, in 
1950, used appr ox imately 1 mil l ion tons. In 1974, 9 mil l ion tons 
wer e used with o.n expected yearly  increase of 5% compound ed annual­
l y  (16). The wor ld's future needs for this  ener gy r equ ir ing pr od­
uct can be expected to incr ease at a faster rate yet.. The threat 
to dr inking water fr om nitr ate toxic ity is also being visualized 
wher e an excess  of  nitrates is be ing l eached deeper into the 
ground (4). In spite o f  these pr obl ems ,  nitr ogen utilization is 
a!ld ha s been an important aspect in cr op product i on i mprovement 
progrdms, as can be seen by the vast amount of  l iterature published . 
However , even more research is  needed to  better under stand nitrogen 
effi c iency and the rol e that it can play in crop pr oduction. The 
pur pose of this resear ch is to 1) investigate var i ous ar eas of  
pl ant metabol ism for nitr og en effic iency and 2) measur e  the genetic 
1 
var iab:i l i ty pre s ent in these are a s of nitrog e n  efficiency in- i nbre d  
lines o f  c orn . 
2 
LITERATURE REVIEW 
A large amount of research has been done on the metabolism 
and the physiological effects of N in plants. Di�cussions and 
reviews have been published by Black (1), Murata (17) and Viets (25). 
From this research it can be stated that N is an element that plays 
a complex role throughout the plant's metabolism and life cycle. 
Identifying and selecting for efficient use of N within the plant 
is just as complex. 
In tomatoes, O'Sullivan, Gableman and Gerloff (18) utilized a 
nitrogen efficiency ratio which is equal to the amount of dry matter 
p�oduced divided by the amount of N absorbed. They evaluated 146 
strains and found a significant amount of genotypic variation for 
this efficiency ratio. These values, plus visual nitrogen deficiency 
symptoms, were used to categorize strains as efficient or inefficient 
in nitrogen utilization. It was found that the important factor of 
the nitrogen efficient strains was their ability to produce dry 
matter at low levels of nitrogen. 
In evaluating corn hybrids, Tyner and Webb (23) suggested a 
formula that would be an indication of efficient nitrogen utiliza­
tion. 1beir nitrogen utilization factor is equal to the amount of 
N applied divided by the increase in yield due to the nitrogen 
application. 
Bruetsch and Estes (2) classified twelve corn hybrids accord­
ing to nutrient efficiency. They divided the total amount of dry 
3 
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matter produced after 115 days of growth in the field by the amount 
of the nutrient absorbed. A significant difference was found 
between several of the hybrids for efficient use of nitrogen. 
Deckard, Lambert and Hageman (5) utilized a nitrogen effi­
ciency ratio in evaluating six corn hybrids. Their ratio was equal 
to the seasonal input of reduced N ( as estimated from nitrate 
reductase enzyme assays) divide<l by the total amount of reduced N 
found in the above ground plant. A large amount of genotypic var­
iation was found between these hybrids, but it was stated that, at 
the present, nitrate reductase activity is too laborious a test to 
be used in screening or selecting inbreds for a practical breeding 
program. 
Clark (4) classified thirty-six corn inbreds according to 
efficient use of several minor elements. He measured three seedling 
traits ( dry matter production, degree of mineral deficiency symptoms 
and the mineral concentrations in the leaves) when the plants were 
grown in nutrient-deficient soils. Inbreds with the highest dry . 
matter production, least amount of deficiency symptoms and the high­
est mineral concentrations were rated as being highly efficient. 
Smith (20) also investigated the nutrient efficiency of corn 
inbreds at the seedling stage. He grew four inbred lines over 
normal and low levels of nutrients and defined efficiency as a 
small fluctuation in a plant response when measured over varying 
nutrient levels. 
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METHCDS AND MATERIALS 
Seventeen el ite inbr ed l ines were selected becau s e  o f  their 
wide acceptance in publ ic and pr ivate br eed ing programs i n  the 
upper c ornbelt r egion . Exper iments evaluat ing these inbr ed s  were 
conducted at the Un iver s ity of Minnesota agronomy farm at R osemount, 
Minnes ota in 1975 and on pr ivate la.nd near Br ook i ng s , South Duk ota 
i.n 1976. 
In 1975 , at  Minnes ota , non- irr igated , s i l t  loam s o i l wa s 
util ized tha t  had been planted with corn  for t hree · c onsecut ive 
year s .  No nitr ogen fer t i l izer was added during those three years . 
The i nbr ed l ines were gr own over three nitr ogen level s: O, 56 and 
112 k i l ograms of  actua l N per hectar e, in the form o f  ammon ium 
nitrate. Two. plant densit ies wer e ut il ized : 49,420 and 74,1 30 
pla nt s  pe:r hectar e .  Each entry wa s i n  a s ingl e  r ow pl ot wit h  a 
76 cent imeter r ow spacing� Row l ength wa s 4 . 57 meters with 50 . 8  
cent imeter spacing between hill s for the l ow plant popu l a t i on .  
Row l ength foi the high pl ant popul ati on wa s again 4 . 57 meter s, but 
with a 34 . 8  centimeter spac ing between h i l l s .  The�pl ot s were hand 
pla nted on Ma y 22, wHh thr ee kernels planted per h i l l  and l at er 
thi nned t o  two plants per hi l l . 
In 1976, at  South Dakota, an irr iga ted s ilt  l oam  s o i l  wa s 
ut i l i zed that  had been seeded to wheat, with no nitr ogen fer t i l iz er 
a ppl ied the pr evious year . The same inbr ed l ines a s  were u s ed in 
1975 were planted Ma y 17 and gr own over t hree d i fferent n itr ogen 
5 
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levels: O ,  67 and 134 kilograms of actual N per hectar.e , in  the 
form of ammonium nitrate. The plots were again hand pl anted and 
thinned to plant  populations of 49 , 420 and 74 , 130 plants per hectare . 
Each entry wa s in a two row plot at a row width of 102 centi meters .  
Total amount of water appl ied was approximately 19  centimeters 
with two - 6 1/3 centimeter applications given before and the final 
6 1/3 centimeters appl ied just-a fter the pollinati on peri od . Soil 
tests indicated that  approximately 90 ki lograms of available 
nitrates per hectare were present in the top 60 centimeters of 
s oi l  at Brookings. No soi l samples were taken at Rosemount . 
Measurements of the 17 inbreds (when grown over the different 
. treatments ) were taken on their total dry matter production, per 
cent l eaf n i trogen , grain yield ,  l eaf  l oss  and on a diphenylamine 
tis sue test. All mea surements were taken from plants which were 
bordered on all s ides  by plants to assure uni form stress  within 
the two plant populations . _ 
Tota l  dry _ matter production was estimated from a ten plant 
sample per plot ,  taken at harvest time. The stalks were chopped, 
dried in a 10°c oven and wei ghed . The cob weight and the grain 
weight , which was corrected to 15 .5% moi sture , wa s · then added to 
the stover weight to give a value of  the tota l dry matter produced. 
In  1975, all plots were harvested at the same time due to an early 
killing frost . In 1976 , plots were harvested over five differ.ent 
time intervals according to visible plant and ear maturity. 
6 
The leaf opposite and below the top ear was selected for 
nitrogen determination when the plants were at the mid-silk stage. 
Ille leaves from five plants per plot were dried, ground and analyzed 
for nitrogen by the standard Kjeldahl procedure. 
Grain yield values were obtained by harvesting all the ears 
from the same ten plants per plot that were utilized in measuring 
dry matter production. lhe ears were weighed, dried, shelled, re­
weighed and the grain corrected to 15.5% moisture. 
Fo�_obtaining accurate leaf loss values, the fifth and tenth 
foliage leaves were painted red as they emerged from the whorl. 
lhis procedure was utilized because almost all of the inbreds tend 
. to lose the bottom five leave_s through "natural senescence 11, regard­
less of nitrogen stress. Therefore the number of total leaves 
produced by the plant and the number of green, healthy leaves (at 
mid-silk) were obtained by counting up from the tenth leaf. Through_ 
subtraction of these two values, the number of leaves lost and or 
dead was found and divided by the total number leaves, thus giving 
percent leaf loss. Two to three plants were utilized per plot with 
leaves being considered healthy if more than 50% of the leaf was 
green. In 1976, a second value of leaf loss was obtained by again 
counting leaves on the same plants, only at six weeks post-anthesis. 
Plants were analyzed for available nitrates by using a di­
phenylamine tissue test as outlined by the Purdue University S-0il 
and Plant Tissue Testing bulletin (12). One gram of diphenylamine 
7 
was dissolved in 100 mi l l i liters o f  concentrated sul furi c acid  to 
make an indic ator-dye reagent which ,  when app l i ed to the nodes of 
a corn s ta lk, would turn blue, i f  nitrates were pres ent . At mid­
si lk ,  two plants per plot were chopped o ff at ground level , split 
l ongitudinall y  and the nodes up to and includi ng the node above 
the top ear  were tested . A quantitative value , $Uggesting the 
amount o f  ava i l able nitrates in  the plant , was acqui red by counting 
the number of nodes ( starting at the top node tested and counting 
down the sta lk) that had a negative reaction for n itrates . This 
value was then divided by the total number o f  nodes tested. Thi s 
new value ( repres enting the percent.o f  the nodes having a negative 
reaction)  was subtracted from one , thus giving a percent o f  the tota l 
number of nodes tested which had a positive rea cti on for avai lable 
nitrates . An accurate tota l number of  nodes tested was obtained 
by uti l i z ing plants whi ch had the tenth l ea f  pa inted red and then 
counting up to the node above the top ear .  
The field  experiments were arranged i n  a spl i t-split  plot 
des i gn .  Nitrogen levels  were randomi zed within  populations and 
inbreds were randomi zed within nitrogen l evels .  Two replications 
were used i n  1975 and in  1976 three repl i cations  were uti l i zed. 
A greenhouse experiment was conducted , in October of 1975, to 
evaluate root density and seedling dry matter producti on over con­
trol led n i trogen l evels . The 17 inbreds were grovin in plastic pots 
with a s and medium. Nitrogen leve l s  were control l ed by utili zi ng 
8 
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three vari ati ons o f  Hoaglund's soluti on: 1) normal Hoaglund's 
solution, 2) a soluti on di luted to 50% concentrati on o f  Hoaglund ' s  
solution and 3) a normal Hoaglund's soluti on with only a 10% n ormal 
level o f  n itrogen. Four kernels were pl anted per pot with each 
being  thi nned later to two plants per pot . The pl ants were grown 
for a total o f  28 days , removed from the pots and the s and then 
removed from the roots . The roots were vi sual ly rated for root 
dens ity on a s cale of 1 - 5, "l" being "good"  and "5" being "poor". 
The s tems were then cut off  just above the crown reg i on ,  dried in  a 
10°c oven and weighe d . This  experiment was conducted i n  a spl it­
plot des i gn with two repli cati ons . 
9 
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RESULTS AND DISCUSSION 
Dry Ma tter Pr oduction 
Dry matter producti on (DMP) va lues  for the s eventeen inbr eds , 
over the d iffer ent parameter s ,  are shown i n  Tabl e 1. Compari ng 
the m.ea n va l u e s  for the three nitr ogen l evel s ,  i n  the 1 976 da ta , 
virtua l l y  no d i ffer ence i s  se�n ,  wher ea s the 1975 mea ns for the 
thre e  n i tr ogen l evel s ind i cates a genera l tr end of  i ncr ea s ed DMP 
with incr ea sed fert il izer appl i cat ion , fr om 0 t o  56 kg s N/ha . The 
l a ck of r e s ponse to increa s ed nitr ogen level s noted in 1976 , i s  
probabl y beca use  of  the large amount of ava ilabl e  N whi ch wa s 
orig i na l l y  pr e sent in the soil . Thi s  i s  a l s o  suggested by the 
other c haracteri s t i c s  mea sur ed in 1976 and is  a ffirmed by the soil  
test  re sul t s. The effect of population l evel s on DMP, a s  shown in 
Tabl e 2,  is s ignifi cant , a s  is  the inter a ct ion between N a nd popu­
l a t i on · l evel s .  
Year s had a l arge  effect ( s ignifi cant a t  t he . 1 0 l evel ) on 
DMP, a s  it d id in much of the fol l owing data . Thi s  ca n be mor e 
ful l y  under stood when it i s  r eal ized that thi s s our ce of var i at i on 
not onl y c onta ins var iation due to year s ,  but a l s o  pool ed within 
i t  is  var iat i on due  to l ocat i ons and row width .  
Var ia t i on among inbreds wa s highly s ignifi cant , ind i cating 
a large  amount of genet ic var iabil ity for DMP. The i nbr ed by year 
i nt era c t i on wa s a l s o  h ighly s ign i ficant , sugg esting t hat a compar­
i son among inbr eds ma y not be  va l id with just one year o f  data . 
10 
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Table h . Dry matter production� in grams per plant·;· of· 17 ·inbred . 
1 ines of corn . 
1975 {Minnesota) 1976 �South Dakotai N levels Population N levels 
�kgsl'.ha � levels Yearly {kgsl'.ha2 
mean 
Inbr eds oa 56a 112a LowbHighb oa 67a 134a 
A547-2 146 164 161 176 139 157 61 70 69 
A632·· 198 203 184 222 167 195 135 140 139 
A619 165 193 194 202 166 184 86 90 '88 
A657 168 204 196 212 166 189 101 108 108 
A654 101 120 119 124 102 113 77 79 82 
B8(ND) 156 182 178 183 162 172 95. 96 101 
B73 178 196 198 221 160 191 146 136 134 
C0109 143 171 173 174 151 163 98 98 96 
SDp2A 134 152 161 167 131 149 108 108 103 
SD5 111 128 117 125 113 i19 90 84 83 
SDlO 145 146 154 163 134 149 85 86 82 
SD15 177 221 205 235 167 201 127 105 119 
SD24 140 181 161 169 152 161 97 94 98 
SDp232 106 131 121 126 112 119 75 79 77 
'64A 161 213 192 222 156 189 122 122 125 
\Hl7 108 139 124 136 112 124 101 95 107 
W153R 165 176 193 ·195 161 178 98 96 97 
mean 147 172 167 179 144 162 100 99 101 
a averaged over popul at ions and repl i cat i ons  
b aver3ged over nitrogen level s and repl i cations 
Populat i on 
lev els Year l y · mean 
LowhHi qhb . 
73 61 67 
154 122 138 
94 83 88 
119 93 106 
87 72 80 
103 91 · . . 97 
148 130 139 
101 94 98 
114 98 106 
92 . 79 85 
88 80 84 
137 96 117 
106 86 % 
83 72 77 
138 108 123 
104 98 101 
103 91 97 
108 .91 100 
11 
Table 2. F ·t est s from the anai  ys i s  of varianc ..e for dry matter 
product ion .  
Degrees o f  
Source o f  var i a t i on freedom F 
Inbreds ( I ) a 16 33.42** 
Nitrogen (N) levelsa 2 5 . 46 
Popul a t i on ( P ) l evel sa 1 1792. 79* 
Years (y).a 1 156. 14 
I X  N 32 .47 
I X  P 16 1.38 
I X  Y 16 3.83** 
N X P 2 55.18* 
N X Y 2 2.63 
p x y 1 92.61 
I X N X p 32 1.01 
I X  N X Y 32 1 . 30 
I X  P X  Y 16 .68 
N X P X  Y 2 2. 81 
a variabl e s  have f i xed effects 
*,** s igni f i ca nt at the 5% and 1% l evel s of  probabi l ity , 
respect ively 
coe ff i c ient o f  va riabil ity= 16.6 
12 
In comparing the DMP values of each.inbred ,  A632 ,  - B73 and SD15 
tend to  produce the largest amount of  dry matter , whereas A654 , 
SDp232 and SD5 produce the least . 
Percent Lea f  Nitrogen 
Data on the percent lea f  N for the di f ferent treatments i s  
shown i n  Table 3 .  Comparing mean values o f  the three n itrogen levels 
for ea ch year ,  the percent N in the leaf  tends to  incre ase  as  the 
amount o f  applied  N increases . Thi s agrees wi th the work done in  
other res earch ( 13 , 21 , 22) . The F test shown in  Tabl� 4 suggest , 
though , that  ni trogen levels are an insi gnifi cant source of varia­
tion . Populati on levels  caused a s i gni fi cant amount of variati on 
with a con s i stent trend of lower l ea f  N percentages  as populati on 
l evel s  increased. The effect due to years was small and ins i gnifi ­
cant, but the interacti on between inbreds and years was highly s ig­
ni ficant . Thi s  again suggests that any compari s on between inbreds 
for percent l ea f  N should be based upon more than one year of  data . 
Inbreds was a highly signi fi cant s ource of  variation for l ea f  
N content. A657,SDp2A, SD5 an d SD24 had the highest percent of  N 
in  the leaf , whereas A654 and A619 had the l owe·s t values• 
Grain Yield 
Grai n yi elds of the seventeen inbreds over the di fferent 
treatments are shown in  Table 5 . Comparing the mean yield  values 
of the three n itrogen l evels for the two years again shows a very 
323305 SOUTH DA V"'T J\ <:TATE UN
IVERSITY_ LIBRARY 
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· Tabl e 3_ . Per cent lea f nitrogen ·of.17 inbred · l ines· of c orn . 
1 975 �Minnesota2 1 976 �-South Dakota� 
N l evel s  Popul a t i on N l evel s Popu1at i on 
(k9sihaL l evel s Yea rl y (kgsiha ) l evel s Yearl y 




67a 134a Highb. 
A547-2 2 . 91 2 . 94 3. 02 3. 00 2 . 92 2 . 96 2 . 61 2 . 58 2.59  2.60 2 . 58 2 . 59 
A632 3. 17 3 . 12 3. 1 9  3. 46 2 . 86 3. 17 2 . 70 2 . 58 2.74 2 . 72 2 . 62 2. 67 
A619 2 . 63 2 . 60 2.80 2 . 87 ·2. 48 2 . 68 2 . 25 2 . 40 2 . 57 2 . 46 2 . 35 2 . 40 
A657 3 . 34 3 . 59  3 . 61 3 . 79 3. 24 3. 51 2 . 95 3. 06 3 . 1 3  3. 1 1  2 . 98 3.04 
A654 2 . 47 2 . 52 2 . 56 2 . 58 2 . 45 2 . 52 2 . 33 2 . 36 2 . 45 2 . 39 2 . 37 2 . 38 
B8 (ND) 2 . 68 2 . 77 2 . 90 2 . 87 2.69 2 . 78 2.66 2 . 71 2 . 74 2 . 74 2 . 67 2 . 70 
B73 2 . 99  3 . 16 3. 1 9  3 . 28 2 . 93 3. 1 1  2 . 81 2 . 88 2 . 96 2 . 92 2 . 84 2 . 88 
C0109 3 . 05 3 . 15 3. 16 3 . 20 3 . 03 3. 12  2 . 87 2 . 87 2 . 99 2 . 93 2 . 88 2 . 91 
5Dp2A 3. 1 9  3 . 21 3 . 08 3 . 35 2 . 96 3. 16 3. 32 3. 25 3 . 32 3 . 32 3 . 27 3. 29 
SD5 3. 23 3 . 23 3 . 18 3 . 34 3 . 08 3. 21 2 . 94 2.93 3 . 00 2 . 96 2 . 96 2 . 96 
SDlO 2 . 73 2 . 63 2 . 75 2 . 82 2 . 59 2 . 70 2 . 66 2 . 75 2 . 74 2 . 79 2 . 64 2 . 72 
SD15 2 . 67 2.84 2 . 85 2 . 91 2 . 68 2 . 79 2 . 68 2.51 2.63 2 . 63 2 . 51 2 . 57 
SD24 3. 00 2.95 3. 17  3 . 09 · 2 . 99 3. 04 3. 02 3. 05 3 . 1 7  3 . 08 3.07 3. 08 
SDp232 2.67 2 . 82 2 . 87 2 . 83 2 . 75 2.79 2 . 59 2 . 60 2 . 70 2 . 63 2 . 63 2 . 63 
W64A 2 . 76 2 . 97 2 . 93 2 . 97 2 . 83 2 . 89 2. 7-9 2 . 92 2 . 98 2 . 95 2 . 84 2 . 90 
Wl l7 2 . 67 2 . 76 2.56 2 . 75 2 . 57 2 . 66 2 . 69 2 . 73 2 . 73  2 . 76 2 . 67 2 . 71 
Wl 53R 3. 07 3. 02 3. 02 3. 21 2 . 86 3 . 04 2. 92 2 . 95 2 . 94 2 . 97 2 . 89 2 . 93 
mea n  2 . 90 2 . 96 3 . 00 3 . 08 2 . 82 2 . 95 2 . 75 2. 77 2 . 85 2 . 82 2 . 75 2 . 79 
a avera g ed over populati ons and repl icat i on s  
b averaged over nitrogen l evel s and repl icat i ons  
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Table 4. F tests ·from the analysis of variance for per cent leaf 
nitrogen. 
Degrees .of 
Source of variation freedom F 
Inbreds ( I  )a 16 45.13** 
Nitrogen (N) levelsa 2 2 . 46 
Population (P) levelsa 1 1194.33* 
Years ( Y )a 1 4.45 
IX N 32 1.23 
IX P 16 . 79 
IX Y 16 4 . 23** 
N X P 2 7. 39 
N X Y 2 . 88 
p x y 1 19. 95 
IX N X p 32 1.09 
IX N X Y 32 .65 
I X P X Y 16 LOl 
N X P X Y 2 . 37 
a variables have fixed effects 
*,** significant at the 5% and 1% levels of probability , 
respectively 
coefficient of variability= 6. 6 
small  and ins i gn i ficant response· due. to.nitrogen l evels .. The .small 
responses noted for these inbreds differ from the l arge responses 
normal ly reported for hybrids . When comparing nine hybrids over 
hi gh and l ow l evels  of N ,  Lang ( 15) observed a 39% average increase 
in yiel d  due to increasing nitrogen leve ls . Even uti l i zing only 
the 1 975 data , these seventeen inbreds showed only a 10% increase  
in  yie l d  when comparing the 0 and 56  kgs N/ha rates . Popul ati on 
l evels were a s igni ficant source of variation , and c on si stently 
caused a s l i ght increase in  quintal s of grain produced per hectare. 
Between years was again a signifi cant source of variation as 
shown in Tabl e 6 .  Thi s  vari ation can also be visual i z ed by comparing 
_the mean yi eld values ( Tabl e 5) of al l the inbreds for the two years -
42 and 26 quintal s per hectare for 1 975 and 1976·,- respecti ve ly .  I n  
1976, the p l ots were i rri gated,  but the amount of irri gati on water 
appli ed ,  19 centimeters , did not equal the amount of rainfall  that 
was l a ck ing  during the growing season ,  22 centimeters (24). Also, 
during the pol l�nati on period, there was a long p eriod of h i gh ,  
above-normal temperatures , whi ch i s  felt to have been a major reason 
for the l arge di f ference in yi e l d  noted between the two years . 
As shown in Table 6 ,  inbreds were a hi ghly  sign i f i cant source 
of variati on. W64A, Wl53R, C0109 and SD15 had the h i ghest overal l  
yields , whereas B73, A654 and A657 had the lowest yi elds  over the 
two year peri od .  The inbred by year interaction was -a l so high_ly 
significant and brought to light an unusual re sponse . Wl l7  and 
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Ta bl e 5 .  · Gra�n yields , i n  qu inta l s  per hectare , o f  17 i nbred· lines 




















N level s Population 
· (kgs/ha) level s Yearl y 
47 49 49 44 53 48 
46 45 42 41 47 44 
47 49 49 44 53 48 
34 42 43 37 43 39 
30 31 27 27 31 29 
47 50 48 42 55 48 
27 36 33 34 30 32 
49 54 51 43 60 51 
34 36 41 34 40 37 
31 28 28 25 33 29 
50 45 46 45 49 47 
46 58 51 51 53 51 
43 53 46 41 54 48 
35 37 33 30 40 35 
46 60 53 54 51 53 
24 23 22 24 23 23 
51 48 59 . 49 57 53 
40 44 43 39 45 42 
1976 (south Dakota 1 
N l evel s Popul at i on 
(kgs/ha) level� Yearly 
16 17 16 15 18 16 
26 32 28 27 30 29 
20 24 22 21 23 22 
17 13 12 15 13 14 
24 22 24 21 25 23 
27 25 28 24 30 27 
21 11 12 15 14 14 
32 33 31 26 38 32 
30 29 29 26 32 29 
28 24 25 23· 27 25 
24 26 24 21 29 25 
34 25 30 31 28 30 
30 29 30 27 31 29 
23 24 ·21 20 25 23 
37 35 36 34 38 36 
36 32 38 30 40 35 
33 33 31 28 37 32 
27 25 . 26 24 . 28 26 
a averaged over populat ions and repl icat i ons 
b averag ed over n itrogen level s and repl ications  
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Table "6 • . F tests from the analysis of variance for grain yield. 
Degrees of 
Source of variation freedom F 
Inbreds ( I ) a 16 1 3.94** 
Nitrogen ( N) levelsa 2 . 01 
Popul ation (P) levelsa 1 248.48* 
Years (y)a 1 582. 10* 
I X  N 32 . 78 
I X  P 16 1.66 
I X Y 16 6.18** 
N X P 2 3 . 03 
N X Y 2 . 33 
p x y 1 . 77 
IX N X p 32 1 . 22 
I X  N X Y 32 2.07* 
IX P X  Y 16 1 . 55 
N X PX Y 2 . 08 
a variables have fixed effects·
 
*,** significant at the 5% and 1% levels of probability, 
respectively 
coefficient of variability = 24 . 6  
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SD5 had fairly low yields in 1975, but in 1976, these inbreds had 
similar to or higher yields than in the previous year. Wll7, espe­
cially, had much higher yields in 1976, depicting its abili ty .to 
to�erate high temperatures during the critical pollinating period 
(J.L. Geadelmann and D.T. Burmood, personal communication) . 
Leaf Loss 
Values for the amount of leaf loss at mid-silk are shown in 
Table 7 .  No measurements were taken at the middle nitrogen level 
for either year. lhe average effect of nitrogen levels on leaf loss 
could not be easily summarized due to the slight ( yet statistically 
insignificant) amount of interaction between nitrogen levels and 
years. In 1975, leaf loss decreased as nitrogen levels increased, as 
reported by other research (1,14) . However, in 1976, there was an 
increase in leaf loss as nitrogen levels increased. As shown in 
Table B, population levels were also an insignificant sour�e of var­
iation, but the population by year interaction was significant at 
the . 10 level. Years was also a significant source of variation, 
·with more leaf loss occuring in 1975 than in 1976 . One explanation 
for the lower amount of leaf loss in 1976 may be because of the ef­
fect of the two applications of irrigation water, plus the high 
levels of available N in the soil, i.e., N was more available for 
absorption by the plant. This complementary effect may explain the 
unus 1al reaction found in 1976 of increased leaf loss as nitrogen 
levels increased, if inbred corn plants can absorb enough N to be 
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Table 7.  Lea f l oss a t  mid-silk , in  per cent , o f  1 7  i nbred l ines 
o f  cor n. 
I 
1 97 5  (Minnes ota� 1 976 
N .. level s Po·pula t ion N l evels 
{kgsiha) l evels Yearly {kgsiha L 
oa 112a Lowb Highb 
mean 
oa 1343 
·A547-2 36 36 38 35 36 37 33 
A632 36 35 34 37 35 35 34 -
A6 1 9  46 45 43 49 46 40 35 
A657 39 32 33 .37 35 36 . 38 
A654 41 . 40 38 42 40 36 36 
BB(ND) 35 36 36 36 36 35 34 
B73 41 38 39 40 40 37 -38 
C0109 46 52 45 53 49 33 36 
SDp2A 45 40 42 43 42 40 39 
SD5 46 49 46 49 47 33 35 
SDlO 42 41 40 43 41 32 36 
SD15 40 43 39 43 41 35 34 
SD24 36 36 33 38 36 32 29  
SDp232 43 40 43 40 42 38 36 
W64A 42 41  41  42 41 33 32 
Wll7 38 35 38 35 36 36 37 
Wl53R 38 33 34 37 35 33 34 
mean 40 39 39 41 40 33 34 
a averaged over populat i ons and repl i ca t i ons 
b averaged over nitrogen l evels and replications 
(Sout h  Dakota ) 
Populat i on 









































Table·8. F tests from the ana lysis of variance for leaf loss· at· 
mid-silk.  
Degre�s. of · source of variation freedom F 
Inbreds ( r.)a 16 22. 13** 
Nitrogen (N) levels a ·2 3. 85 . 
Population . a ( P) levels 1 . 58 
Years (y)a l 375. 39* 
I X N 32 2 .  91* . 
I X P 16 3 . 89** 
IX Y 16 21. 82** 
N X P 2 7. 13 
N X Y 2 5 . 13 
p x y 1 92. 53 
IX N X p 32 3.78** 
IX N X Y 32 3.02*. 
IX PX Y 16 3. 39* 
N X P X Y 2 44.40 
IXNX PX y 32 3. 62* 
a variables have fixed effects 
*,** significant at the 5% and 1% levels of probability, 
respectively 
coefficient of variability= 5. 3 
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· t oxic  to 1-owe r  leaves . Hageman (8) has di scus sed- the - improbability 
of n itro gen toxi ci ty to leaves , but no i nformation has been found 
that has i nvestigated thi s  type of l eaf l oss · under these types of  
conditi ons. 
Inbreds  and all of  the interactions  of inbred s  with the other  
treatments were either s igni f icant or hi ghly s i gn i f i cant .  Very 
littl e  general i zation of inbred response can be made , for each inbred 
responds d i f ferently over dif ferent nitrogen l evels , population l evels  
and years . C010 9 and A619 , though, did tend · to  have more l eaf  l oss 
than did  SD24 and A632 . 
A second measurement of leaf  loss was taken i n  1976 in  an  
attempt to better classi -fy inbreds according to  l e a f  l os s, by in­
cluding the l eaves  lost during  the grain-fi l l ing  period . Thes e  
a dditional  measurements of leaf los s ,  which were taken six weeks 
post-anthes i s ,  are shown in Tabl e 9 .  Again ,  n itrogen l eve l s  s eemed 
to have l i ttl e effect on leaf  l oss.  Increas ing  p opulation l evels  
did  tend to  cause an  increase  in thi s leaf l os s  measurement at ma­
turity and was a s ource of s igni ficant ( at the . 10 l evel ) variation , 
a s  shown i n  Tabl e 10 . Inbreds are again a h ighly s i gni f i cant source 
of  vari a ti on . C010 9 and A632 have the lowest  amount o f  l eaf  l oss  
at maturity,  whereas A547-2 , A619, SDlO and SDp232 l os t  the highest 
amount · of l eaves. 
'The amount of leaf l oss , just during the grain-fi lling peri od, 
i s  a l so shown in Table 9. SDp2A and B73 , whi ch tended to have the 
22 
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Table _9 .  Lea f l os s  at  matur ity , i n  1976 , of  17 . inbred l ines o f  
corn in per cent . 
N l evel s Populati on 
{k_gsiha i l evel s maturity 
oa b Highb 
minu s 
Inbred s 134a Low mea n mid- s i lk  
A547-2 51 56 51 53 52. 17 
A632 40 42 40 43 41 7 
A61 9  55 50 52 53 52 15 
A657 44 43 43 44 44 7 
A654 46 43 43 44 44 9 
B8 (ND) 49 50 47 51 49 14 
B73 43 45 44 44 44 6 
C01 09 38 43 40 40 40 5 
SDp2A 49 47 47 49 48 9 
SD5 44 . 43 43 44 44 10 
SD l O  52 51 51 53· 52 16 
SD15 50 51 50 49 50 16  
SD24 49 49 49 50 50 20 
SDp232 - 54 53 52 53 52 14 
W64A 50 52 50 53 51 18 
Wl l 7  4 5  44 43 46 45 9 
Wl53R 47 51 45 49  47  13  
mean 47 48 46 48 47 13 
a avera g ed over popula t i ons and repl ica t i ons 
b avera g ed over nitrogen l evel s and repl ica t i ons 
Table 10. F tests from the - analys is of vari ance. for - l ea f - l o s s  
maturity . 
Degrees of 
S ource of vari ati on freedom 
Inbreds ( I ) a 16  
Nitrogen ( N) l evels3 2 
Populati on (P) levelsa 1 
I X N 32 
I X P 16 
N X P 2 
I X N X P 32 
a varia bles  have f ixed effects 
· ** s i gn i f i cant at the l% l evel of probabi lity 
Coeffi c ie·nt of  vari abi lity = 9 .  3 
F 
9 . 94** 
• 30 




1 . 38 
hi ghe st amount o f  l ea f  loss up to mid-s i lk , had a l ow amount of  
at 
leaf  l os s  during the grain-fi l ling period . At the oppos ite extreme , . 
SD24 had the l owest amount of  leaf  l oss , up to mid-s i lk , but had 
the hi ghest  leaf  l oss  during the grain-fi l l ing  peri od . I f  this 
l ea f  l os s  i s  due to the remobi li zation of  N out o f  the l ower l eaves 
thi s c ou ld be an indi cation of further N-us e eff ic ien cy (3) .  It 
has been f ound that , in  tomatoes , nitrogen-eff i c ierit strains  had 
less  N i n  the l ower leaves and more in the upper l eaves than did 
ine f fic i ent strains  ( 18) . 
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Cr.ain to Stover Rati o 
Th e  grain - to s tover ( G/S)  ratios are shown i n  Table· 11. Com­
paring the mean values of the three nitrogen leve l s  of e a ch year , 
the G/S rati os tended to decrease as nitrogen levels  increased . 
Thi s  trend was e specia l ly noted in 1975 , suggestin g that  maximum G/S 
rati os  were occurring on the treatment without n itrogen appl i cation 
and a de c rease  in the rati o occurs as  the ni trogen level s increas e .  
Thi s  decreas ing o f  the G/S ratio ( from the maximum) a s  n itrogen 
l evel s in crease  or decrease  is discussed by Bla ck ( 1 ) . As shown in 
Table  12 , n i trogen level s  were a s igni fi cant s ource of vari ati on , 
a s  was the N by year  interaction . Popul ati on l evel s  had a s imi lar 
e ffect on the G/S rati os a s  did the nitrogen l evels . As populati on 
leve l s  increas ed , the effi ciency of the p lant to produce grain  de­
c reased . Years was a l so a s igni fi cant source of vari ati on with a 
large di fference between the two yearly means ,  . -8 1  and � 63 .  
Genotyp i c  va riati on was highly s i gni fi cant°, with C0109 ,  Wl53R 
and SDlO havi ng the hi ghest ratios and B73 and A657 having  the 
l owest . The inbred by year interaction was highly s i gn i fi cant a s  a 
s ource o f  vari ation and much of this  vari ati on c an be attri buted 
to Wl l 7  and SD5 . Again  it can be seen that some factor in the 
1976 envi ronment favored these  two inbreds , wherea s the other 
inbreds were suppressed in  grain production effi cien cy .  1h e  inbred 
by popul ati on intera cti on was a l so  sign i fi cant and an inbred exem­
pl i fying  thi s  interacti on i s  C010 9 . Th i s  inbred displayed the 
25 
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· Tabl e 1 1 . ·Gra. 1-n t o  stover rat i os of  17 i nbr ed l ines  o f  corn . · 
. 26 . ' 
1975 �Mi nne s-ota ) 1 976. � South Da k ota} 
N l evel s Populat ion N l evel s 
(kgsiha ) l evel s Year l y  (kgsiha ) 
Inbr eds  oa 56a 112a Lowb High b
mean 
oa 67a 1 34a 
A547-2 1 . 21 • 99 1 .  02 1 . 07 1 .  07 1 . 07 � 55 . 54 . 51 
A632 . 64 · . 59 . 62 . 6 1 . 62 . 6 1  . 40 . 49 . 41 
A6 19  . 93 . 73 . 73 . 80 . 79 . 79 . 48 - . 6 0  . 54 
A657 . • 5 1  . 52 . 57 . 55 . 52 . 53 - . 30 . 23 - . 1 9 
A654 . 93 . 74 . 63 . 79 . 74 . 76 . 73 . 66 � 6 9  
BB (ND.) . 99 . 85 . 81 . 88 . 88 . 88 . 68 . 59 . 6 3 
B73 . 35 . • 44 . 41 . 47 . 33 . 40 . 24 . 1 3 . 16 
C01 09 1 . 37 1 . 05 . 99 1 . 08 1 . 20 1 . 14 . 83 . 81 . 79 
. SDp2A . 74 . 66 . 72 • 71 . 70 . 71 . 64 . 61 . 66 
SD5 . 88 . 58 . 66 . 72 . 70 • 71 . 74 . 68 . 73 
SDlO 1 . 36 1 .  09 1 .  04 1 .  30 1 .  03 1 . 16 . 64 . 71 . 70 
SD15 . 78 . 76 . 73 . 78 . 73 . 76 . 64 . 56 . 56 
SD24 1 . 03 . 91 • 93 . 97 • 94 • 95 . 75 . 75 . 75 
· SDp232 1 . 22 . 84 . 83 • 97 • 96 • 96 . 73 . 74 . 65 
W64A . 92 • 91 . 85 1 . 00 . 79 . 89 • 73 . 68 . 68 
Wl l7  . 62 . 41 . 43 . 56 . 41 . 49 • 96 • 92 • 97 
Wl53R 1 . 09 . 84 1 . 06  1 . 05 • 94 1 . 00 • 92 . 89 . 82 
mea n  • 91 . 76 . 77 . 84 . 78 . 81 . 64 . • 62 . 61 
a aver a g ed over populations a nd repl icat ions  
b averaged over nitrogen l evel s and repl icat i ons  
Popul a t i on 
l evel s Year ly  
Lowb . 



















mea n . 
High · . 
. 50 . 53 
. 39 . 47 
. 46 . 54 
. 20 . • 24 
. 65 . 6 9 
. 6 1  . 6 3  
. 14 . 18 
. 85 . 81 
. 6 1 . 64 
. 66 . 72 
. 6 9  . 68 
. 49 . 59 
. 72 . 75 
. 6 9  • 71· 
. 67 . 70 
. 88 . 95 
. 87 . 88 
. 59 . 6 3  
Tabl e 1 2 .  · F t e st s  fr om the ana l ys is of  var iance for · the gra iR tel 
stover ratios . 
Degrees o f  
Source o f  var iat i on freedom F 
Inbr ed s  ( I )
a 16 -41 . 48** . 
Nitr ogen ( N )  l evel s a 2 42 . 87* 
Popu l a t i on ( P )  l evel sa 1 769. 85* . 
Year s ( Y )
a 1 2115 . 27* 
I X N 32 1 . 52 
I X P 16 2 . 87* 
I X  Y 16 8 . 32** 
N X P 2 7 .62 
N X Y 2 40 . 2 0* 
p x y 1 . 07 
I X N X p 32 1 . 1 1  
I X N X Y 32 1 . 67 
I X P X Y 16 1 . 74 
N x p x y 2 . 13 
a var ia bles have fi xed effect s 
* , ** s igni f icant at  the 5% and 1% l evel s of  probab i l ity ,  
respect ivel y 
coefficient of  var i abi l ity = 17 . 9  
. 27 
abi lity to be more e ffi cie�t at �roducirig · grain (per 9ram of  dry 
matter) a s  stress ·  due to populations  increas ed .  
Diph enyl amine  Ti ssue Test 
S everal d i f f iculties were encountered whi l e  c onducting the 
. 
diphenyl amin e  ti s sue (DPAT) test in 1975 and 1 976 . In  1 975 , each 
inbred at  the 0 nitrogen l evel and at the two population l evel s  was 
samp l ed at three di fferent dates during and after the mid-si lk 
peri od .  Thi s  was to evaluate the effect that s amp l ing  dates would 
have on the tes t ,  a s  no information was found i n  the. l i terature on 
thi s  subj ect . A s i gni fi cant amount of  variati on was found due to 
the sampl ing  dates , but a large_ amount of e rror was i ncurred , as 
s i gn i f i ed · by a coefficient of variabi l ity value of 1 42 . 9. I nabi l ity 
to  samp l e  a l l  p lots at the same time of the day a ccounts f or a l arge 
porti on o f  thi s error.  These  re sults were then averaged over sam-
pling dates and re-analyzed - coming up with a coeff i c ient of var-
i a bi l i ty value of 18 . 4 . Data for 1 976 are n ot shown because o f  a 
second d i ffi culty encountered . Almost all  of the inbreds , when 
tested over a l l  the treatments , had a 100% pos itive rea cti on to th e 
reagent , resulting in  extremely low leve1s of vari ati on .  It was 
cons idered that the original levels of avai l able N in the s oi l were 
too hi gh to a l l ow thi s  test to be of any value in measuring  vari -
ation . 
Th e  1975 data for the DPAT test i s  shown i n  Table 13 . Com-
pa ring the two n j trogen level  means , the amount of n itrate s in the 
28 
Table 13 . 1975 diphenylamine tissue test vaiue sa of  17  inbred l ine� 





















































































































a the formula f or . :these values is  the number of
 nodes with a posi­
t ive reacti on f or nitrates divided by the total number of nodes 
tested . 
b averaged over populati ons and repl i cati on
s 
c averaged over n itrogen levels  and repl i cati ons  
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Table 14 .- F tests from the analysis  of  vari an ce for the di  phenyl -
amine tissue - test . 
Degrees of 
S ource o f  vari ati on freedom F 
Inbreds ( I ) a 16 3 . 51** 
Nitrogen ( N) l evel s  a 1 12 . 92 
P opulati on ( P) l evel sa 1 59 . 45 
I X N 16 2 . 20 
I X P 16 1 . 69 
N X P 1 1627 . 35* 
I X N X P 16 1 . 82 
a vari abl es have f ixed effe cts 
* ,** s i gni fi cant at the - 5% and 1% level s of probabi l i ty ,  
respe ctively 
Coef f i cient of  vari abi lity = 18 . 4  
s talk  h ad a large increase as nitrogen l evel s  increased from O to 
1 12 kgs N/ha , 74% to 93%, respectively.  Other research has  al s o  
shown thi s  t o  be true ( 9 , 27) . Increased population densi ty had an 
opposite effect ; that of decreasing plant nitrate levels , as has  
been found in  other research (8 ) . The analys i s  of vari anc e  f or thi s  
· test i s  shown i n  Table 1 4 ,  and it  also  indi cates that a s i gn i f i cant 
interaction  occurs between N and populati on leve l s . Inbreds ex-
hibited a h i ghly s ignificant amount of vari ati on , w i th A632 , A654 an9 
SDp2A showing high levels of nitrates , whereas Wl53R cons istently 
had l ow levels . 
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Greenhous e  Experiment 
Data on experiments conducted in  the greenhouse are shown in 
Table 15 . Low l evels  of  N tended to cause' an - incre ase in the vi sua l 
amount o f  roots , with a compounded effect ·when other nutri ents were 
also  at a l ow l evel . 1he correl ation between a vi sua l root dens ity 
rating with actual root wei ghts i s  not known , but Warncke and 
Barber ( 26)  f ound that as  soi l n itrogen concentrati on decreased , 
root wei ght increa se d .  As shown in Table 16 , vari ation among in-
breds i s  h igh l y  si gnifi cant . Inbreds A654 , A61 9  and SD24 exhibited 
a much h i gher root density than did BB, A657 or SDp2A . 
Seedl ing DMP i s  shown a lso  in Tabl e 15 , and nitrogen levels  
were a s i gni fi c ant source of vari ation for thi s  trait . Comparing 
the normal and 10% normal nitrogen l evels , a 36% ave rage  drop in 
seedl ing  DMP was noted . Variati on among inbreds was  a gain highly 
si gni fi cant , wi th A654 and Wl l7 having the highest seedl ing  DMP and 
· BB  and B73 having the l owest . 
Eva l uati on of  Inbreds for Nitrogen Eff ic iency 
As shown in the previ ous data , there i s  a l a rge amount of  
geneti c vari ation found for the plant characteri sti c s  and  the 
responses  mea sured over the di f ferent treatments . Large genotypi c 
vari ati on s  have been found by other researchers in  the respons e o f  
vari ous p lant chara cteri stics  t o  N (2 , 4 , 5 , 6 , 7 , 10 , l l , l9 , 20 , 28 ) . 
Clark ( 4) and Bruetsch and Estes (2) uti l i zed these . di fferentia l 
geneti c responses as  indicators of  ni trogen effi c iency.  Eff i­
ci ency being exhi bited by a plant when a sma l l  fl uctuati on i s  
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Tabl e 1 5 . - Gr e enho u s e  da ta on ·r oot d en s i t y  r a t ing 
a 
· a nd s eedl i ng 
ma tter pr odu c t i on o f  1 7  i nbr ed l in e s  o f  c or n .  
R o ot Dens i ty R a t i ng S e ed l ing DMP 
Inbr ed s  
A547-2 
A632 
A6 1 9  
A6 57 
A6 54 














50% 1 0% . b c � 
n or ma l nor ma l 
3 . 5  2 . 0 3 . 0 
2 . 0 1 . 0  3 . 5  
2 . 5 1 . 5  1 . 0  
3 . 5 3 . 0 3 . 5 
2 . 0 1 . 5  1 . 0  
4 . 0 3 . 0 4 . 0 
3 . 5 2 . 5 3. 0 
3 . 0 2 . 0 3 . 0 
4 . 0 2 . 5 3 . 5 
3 . 5 3. 0 3 . 0 
3 . 0 3. 5 3. 0 
3 . 5 2 . 5  3 . 0 
1 . 5  1 . 5  2 . 0 
4 . 0 2 . 0 ·2 . 0  
4 . 0 3 . 0 2 . 0 
3 . 0 3 . 5 3 . 0 
3. 0 3 . 0 3 . 0 
3 . 1 2 . 4  2 . 7  
a 
1 t o  5 r a t ing ; 1 = g o od , 5 = 
b n or ma l Hoa g l und s o l ut i on 
c 50% n or ma l Hoa g l und s o l u t i on 
d nor ma l Hoa g l und s o l ut i on with 
mea n 
2 . 8  . 
2 . 2  
1 . 7  
3 . 3 
1 . 5  
3 . 7 
3. 0 
2 . 7 
3 . 3 
3 . 2  
3 . 2  
3. 0 
1 . 7  
2 . 7  
3 . 0 
3. 2 
3 . 0 
2 . 8  
poor 
. .  · 50%· . 
b c 
n or ma l  n or ma l 
1 . 16 1 . 23 
1 . 33 1 . 22 
1 . 50 1 . 36  
1 . 14 . 92  
1 . 84 1 . 6 9  
• 96 . 92 
• 96 • 97 
1 . 48 1 . 27 
1 . 20 . 8 9 
1 . 20 1 . 33 
1 . 24 . 90 
1 . 65 1 . 01 
1 . 34 1 . 1 3 
1 . 32 1 . 28 
1 . 42 1 . 42 
2 . 21 1 . 26 
1 . 52 1 . 35 
1 . 38 1 . 1 9 
1 0% . 
� 
. 99 
. 73 . 
• 92 
. 77 











1 . 02 
1 . 16 
. 88 




L l 3 
1 . 09 
1 . 26 
• 94 
1 . 55 
• 78 
. 85 
1 . 23 
• 94 
1 . 06  
1 . 00 
1 . 27 
1 . 1 3 
1 . 17 
1 . 26 
1 . 50 
1 . 34 
1 . 15 
Tabl e 16 . F tests from the ana l ys i s  of  var iance  for the -r oot 
dens ity rat ing and seedl ing dry  matter product i on . 
Root Density R a t i ng 
Source  of var iat ion 
Inbr eds ( I )  a 
Nitr ogen ( N )  l evel sa 
I X  N 





c oeffic ient of  var iabil ity = 25 . 6  
Seedl ing Dry Matter Pr odu ct i on 
Sour ce  of  var i a t i on 
Inbr eds ( I )
a 
Nitrogen (N) level s a 
I X N 






3 . 84** 
2 . 83 
1 . 81 
F 
7 . 35** 
82 . 76* 
. 04 
coeff ic ient o f  var iabi l ity = 20. 0 .  
a var iables  have fixed effects · 
* , ** s igni f icant a t  the 5% and 1% l evel s o f  probabi l ity,  
r espect ively  
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fou nd when c ompa r ing r e s pon s e s .at l ow n itrogen l evel s . with h i g h  
n itr og en . l ev e l s .  
F l uctua t i on va lu es for the char a ct er i st i c s  mea s ur ed i n  t h i s 
r e s ea r c h  a r e  s h own in Tabl e 1 7 .  The va l u e s f or ea c h  i nbr ed wer e 
obta i ned by s ubtr a c t i ng the mean va l u e s  o f  the i n br ed a t  the O 
n itr og en r a t e  fr om the mea n  va lues at the h i g h  n i tr og e n  l evel ; 
i . e . , 1 12 or 1 34 k g s  N/ha _ -- The s e  fluctuat i on va l u e s  a r e  t hen a n  
i nd i c a t i on o f  t h e  r e spons e that an inbr ed ha d a s  n it r og en l evel s 
i ncr ea s ed . F or DMP , per c ent l ea f  N ,  gra i n  yi el d ,  G/S ra t i os a nd 
s eedl ing DMP, t h e  va l u e s  wer e then d iv i d ed by the c orr e s pond i ng 
mea n  va l u e  a t  t h e  0 n i trogen l eve l t o  g ive a per cent a g e  va l u e  o f  
t h e  amount o f  r es pon s � . Thi s wa s done t o  c or r e c t  a ny b ia s  wh i c h  
m i g ht b e  enc ount ered when c ompar ing f l u c tua t i on s  betwe en i nbr ed s . 
F or exa mpl e ,  when eva l ua t ing DMP fl uctua t i on s , A657 ha s a n  aver ­
a g e  fl u ct ua t i on betwe en t h e  extreme n itr o g en l ev el s  o f  1 7 . B grams 
per pl a nt , whi l e  A654 ha s an avera g e  f l u ctua t i on of l l s 5  grams 
p er p l a nt . Compar i ng the s e  fl u ctua t i on s , a s  per c enta g e s  of the ir 
r e s p e c t ive DMP va l u e s  a t  the 0 n itr ogen l ev e l , both i nbr ed s ga in ed 
a lmo st an e qua l per cent of dry ma tter d u e  to t h e  i n c r e a s e  i n  
n itr ogen l evel s ,  1 3 . 2 and 12 . 9%, r e spect ive l y .  
In eva l ua t i ng the i nbreds , e f f i c i ency w i l l b e  i nd i c a t ed by 
a sma i l  or negat ive fl u ctua t i on va l u e , a s  ha s been d on e  in other 
r e s ear c h  (2 ) .  In other wor d s , e f f i ci ency i s  whe� the pl a nt can 
ma i nta i n  n orma l meta b ol i sm i n  a c erta in a r ea a t  l ow n i tr og en 
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Tabl e 1 7 .  



















. a Fl uctua t i ons , in per cent , 
due t o  i ncr ea sing nit�ogen 
l ines .  
Lea f 
· DMPb % b Lea f N b
( mid-
Yi eld . s ilk ) 
1 1 . 1 1 . 6  3 .· 2 -2 . 0  
-2 . 9 1 . 0  -2 . 8  -1 . 0  
12 . 0  10 . 0 6 . 0  -3 . 0 
13 . 2 7 . 2 7 . 8  -2 . 5  
12 . 9 4 . 4  -5 . 6  - 0 . 5 
11 . 3  5 . 6  2 . 7 o . o 
2 . 4  6 . 0 -8 . 3  -1 . 0  
1 1 . 4  3 . 9 2 . 5  4 . 5  ' 
9 . 4  � 1 . 6  9 . 4 -3. 0 
- 0 . 1 0 . 2 -10. 2 2 . 5  
2 . 6  1 . 9  -5 . 4  1 . 5  
6 . 6  2 . 4  1 . 3  1 . 0  
9 . 3 5 . 3 4 . 1 -1 . 5  
9 . 4 5 . 9 -6 . 9  -2 . 5  
12 . 2  6 . 5  7 . 2  -1 . 0  
1 0 . 5  -1 . 3  0 . 0 -1 . 0  
1 0 . 4  -0. 5 7 . 1 -2. 0 
8 . 1 3 . 5  3 . 0 o . o 
o·f pla nt chara cter i s t i c s  
l evel s for 17 cor n  inbr ed 
Loss  ( seed- · 
( ma tu-
G/Sb 
l ing ) r ity) DPAT DMP 
5 . 0  - 1 3 � 1 14 · 17 . 2  
2 . 0  - 1 . 0 7 82 . 2  
-5 . 0  - 9 . 9 27 63. 0 
- 1 . 0  - 6 . 2  40 48 . 1  
- 3 . 0 -20 . 5 - 3  64 . 3  
1 . 0  -13 . 8 15  - 1 1 3 .  3 
2 . 0 - 3 . 4 25 54 . 8  
5 . 0  - 1 9 . 1 14 55 . 8  
-2 . 0  o . o 14 66 . 7  
-1 . 0  -14 . 2  12  81 . 8  
- 1 . 0  - 1 3 . 0 5 42. 5  
1 . 0  - 9 . 2  34 42 . 2  
o . o - 5 . 6  1 7  45 . 7  
- 1 . 0  -24 . l 17  46 . 7  
2 . 0 - 7 . 3 25 49 . 5  
-1 . 0  - 1 1 . 4  -3  1 16 .  7 
4 . 0 - 6 . 5  6 3  31 . 0  
0 . 4 -1 1 . 0 1 9  56 . 8  
a fluctua t i ons  = high nitr ogen l evel - 0 nitr ogen  l evel 
as percentage  of  the va l ue at the 0 n itr og en l evel . b fluc tua t ions 
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l evel s . I t  i s  not felt that large response� to  added N are un­
desi rabl e ,  rather that these large responses suggest ineffi cient 
uti l i zat i on of  whatever N is  availabl e at l ower levels . 
Inbreds effi cient in producing dry matter at l ow nitrogen 
leve l s  are A632 , SD5 , B73 and. SDlO , whereas A657 and A654 show 
the largest f luctuati ons and less efficient use of nitrogen as  
l evels  decreas e .  
I n  eva luating the percent leaf N fluctuati ons ,  low or 
negative va lues , such as shown by SDp2A , Wl l7, . Wl 53R and SD5 ,  
suggest that thes e inbreds can abs orb and convert enough N at the 
l ow nitrogen l evel to  maintain  normal nitrogen metabol i sm .  O f  
these  f our inbreds though , Wl l7 shows tendencies  t o  become inef­
fic ient at h i gh l evels  of nitrogen appli cati on .  The increased 
amount o f  DMP , due to the increased nitrogen levels  ( as s een in  
the DMP · fluctuati ons ) , does not  contain suffi ci ent l eve l s  of N 
in  the leaf  and no increase in grain yield results ( as s een in  
the yield  fluctuations ) . By comparing these three fluctuations , 
SDp2A and Wl53R not only appear effi cient at l ow ni trogen l eve l s , 
but at  high l evel s  as wel l .  Because as ·the ni trogen l eve l s  in­
c reased , DMP i s  increased , the percent N i n  the leaf  stayed con­
s tant or decreased s l i ghtly (mean ing sma l l  i nc rease s in the amount 
of total N per pl ant) and yields  increased . Consi dering A619 ' s  
l arge fluctuation in percent leaf N and DMP , thi s  inbred appears 
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t .o have poor absorpti on abi l i ty at l ow · l evel s  o f . N and requires 
high l evel s of N to maintain a normal percent of l ea f  N . Coupling  
thi s  .i n formati on with A619 ' s  high root density rating , a s  shown in  
Ta�l e 15 ,  suggests that the visual amount of roots is  .not the main 
factor in n itrogen absorpti on� 
In evaluating the inbreds yielding e f f i c iency at  l ow levels  
of  N , a l ow or  negative va lue i s  again consi dered des i rable . The 
l arge decreas e  in  grain yield  exhibited by SD5 may i nd icate e ff i­
ciency at l ow nitrogen levels ,  but from also  c omparin g  i ts . DMP 
and perc ent leaf  N f luctuati ons , thi s  inbred appears unabl e  t o  
respond t o  nitrogen . Other inbreds showing yie lding e ffi cien cy at . 
l ow leve l s  of N are B73 , SDp232 , A654 , SDlO , A632 and Wl l 7 .  
Many inbreds h�d an increase i n  leaf  l oss  ( at  mid-s i lk and 
at maturity) as nitrogen l evels  decreased , as has been reported in -
other research ( 14) , but in  terms of efficient uti l izati on o f  
avai lable  N , a  l ow amount o f  fluctuation is  des i rable . I n  other 
words i t  i s  de s irable to have a l ow amount of  additi onal  l eaf  l oss  
as nitrogen l evel s  decrease.  C0109 ,  though , exempli fied a reaction 
where i nexpli c able increases in  leaf l oss resulted as  n itrogen 
· levels  increased . 'Ihi s type of response was a l so  more prevalent with 
many of the inbreds in the leaf  loss-at-maturity data . There f ore , 
the interpretati on of inbred response in  the area of l eaf  l os s  i s  
uncertain  with thi s  l imited data and more research i s  needed . 
1be f luctuation of  the G/S rati o i s  a valuabl e mea surement 
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of  plant re sponse to ·nitrogen . In itsel f ,  the rati o gives  an 
indi cati on of  the_ plants e ffi cienc·y in grain  production per amount 
of dry matter produced . By evaluating the G/S fluctuati on over 
ni trogen l eve l s , an inbred can be monitored as to  how e ff i c iently 
i t · is responding to appl ied nitrogen. In other words , does the 
extra N go for plant ma intenance or for increased grain producti on • .  
SDp2A and A632 had the greatest effi ciency a s  nitrogen levels in­
c re ased , a s  n oted by their  sma l l  fluctuations , whereas SDp232 , A654 
and C010 9 made the l east efficient use of the added n itrogen . As 
indi cated in Table 11 , C0109 had the highest grain producing e ffi ­
ciency per amount o f  dry matter at l ow nitrogen l evels , but as 
l evels were increased , this  inbred tended to put the extra N into 
plant  ti s sue . A l arge amount of  geneti c interacti on appears between 
the actua l G/S rati o and the fluctuati on o f  the G/S rati o as  nitro­
gen l eve ls in creased , yet inbreds like SD24 and Wl53R tend to show 
· favorable ,  above-average values f or effi ciency in both grain  pro­
ducti on and n itrogen response .  
F or the DPAT test , a l ow or negative fluctuati on wi l l  again  
indi cate a desirable response as nitrogen l eve l s  decrease .  A large 
f luctuati on would suggest that the plants absorpti on abi l i ty may be 
a l imiting factor at l ow nitrogen levels . A654 ,  Wll 7 ,  SDlO and A632 
tended to have the l owest fluctuations , whereas  A657 and SD15  had 
l arge fluctuati ons as nitrogen levels  increased . 
Comparing seedling DMP fluctuati ons ,  a l arge amount of  
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vari ation can be seen in response  to nitrogen l evel s .  Low fluctua­
tion , such a s· shown by A547-2 and \�153R ,- indicate that · in  the seed_. 
ling . stages , these inbreds c an maintain. r:io�mal growth , �even at l ow 
concentrations  of avai l able nitrogen . Large f luctuations , as shown 
by Wl l7  and B8 suggest that these · inbreds may not be abl e to absorb 
enough N at l ow l evels  in the seedling stage . Consequently , they 
have large decreases  in thefr production of dry matter .  However , 
Wl.17 ' s value s  for seedling  DMP exempl i fy a di ffi culty f ound i n  in­
terpreting thi s  type of  response data . As indi cated above , because 
of i ts l arge fluctuati on , Wll7  was considered as unable to abs orb 
enough N at the l ow level s  to prevent large fluctuati ons . But when 
comparing its  a ctual  values  ( from Table 15) with the corresponding 
means of a l l  inbreds at both levels of N ,  Wl l7 cons i stently had a 
large amount o f  DMP . Theref ore from these data i t  appears to be 
effi cient i n  DMP at both the normal and at the l ow nitrogen levels . 
In a final interpretati on or  appli cation of thi s  flu ctuation data , 
both types of responses must be considered . For an inbred to be 
e ff i ci ent in  nitrogen uti l i zation it  should not only  make maximum 
us e of the avai labl e N at l ow level s ,  but also  at normal nitrogen 
l eve l s . 
Ef f i c ient ni trogen uti l i zati on within the pl ant respons es 
tested has been briefly di scussed . The complexity of  selecting for 
n itrogen-us e effi c iency can also  be seen by the interrelati onships 
of these  pl ant responses . Correlations of these responses ( in the 
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form o f  fluctuati ons ) are shown in Table .18 ;  with l ow correlation 
values f ound between most of these traits , sugg·e sting that each 
fluctuation . i s  measuring a different aspect o f  the plants  overal l  
n i�rogen-use efficiency. Further explanati on of  the . interactions 
and relati onships o f  these traits i s  beyond the s cope and level  o f  
thi s  res earch , but a n  immediate opti on l eft open i s  the appl i cation 
by p lant breeders of the geneti c variabi l ity f ound f or these  traits 
and the i r  responses to nitrogen . Because of the c omplex i ty of  the 
plants n itrogen metabol i sm system though , research should be geared 
to  moni tor multiple areas of inbred metabol i sm for  a more complete 
and bal anced evaluation of ni trogen-use efficiency in  the corn 
plant . 
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Tabl e 18 . Corr elation coefficient s of the fluctuat i ons . found i n  
8 pla nt chara cter i st ics  due io  n itr ogen l e�el� . 
Lea f Loss 
% 
Nb Yi eldb 
(mid- (ma tu-
G/Sb Lea f s i lk )b r ity)a DPATa 
DMpb . 36 •. 63**: - . 31 - . 08 . 29 . 21 
% Lea f tf . 08 - . 18 - . 26 . 18 . 17 
Yi e l db - . 40 . 1 1  - . 43 . 48 
Lea f Los s  b . 32 . 38 - . 27 
( mid- s i l k ) 
Lea f Los s  a - . 07 . 28 
( matur ity ) 
G/Sb - . 33 
DPATa 
a 1 975 data only b 1 975 and 1 976 data combined c greenhouse data 
* , ** s i gn i f i ca nt at  the 5% and 1% l eve l s  o f  pr obabi l it y ,  
r espe ct ively 
( -seed-
l i ngd 
DMP 
- . 1 3 
- . 14· 
- . 18 
. 15 
- . 33 
• 01 
- . 49* 
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CONCLUSIONS 
Seventeen  e l ite inbred l ines were· moni tored  for two years 
for six  d ivers e  phys iological  and morpholog ica l  tra i ts ; dry matter 
producti on , percent leaf N ,  grain  yi eld , lea f l os s , grain  to 
stover ratio and a diphenylamine tissue test . A gre enhouse exper­
iment evaluated these inbreds for root dens i ty ratings and seedl ing 
dry matter production . A .. highly s igni ficant amount o f  genotypic  
variabi l ity was  found between the inbreds f or  each o f  the traits 
measured . The e f fect of nitrogen l evels  was ins i gni f i cant , except  
in the G/S ratio  and  seedling  DMP data . The level o f  ava i l able N ,  
where inbreds exhibit  nitrogen deficiency,  appears t o  be l ower than 
leve l s  us ed in thi s  research , thus accounting for the l ow amount of 
response - noted in the maj ority of the field  experiments . Popula­
tion den s i ty had a sign i fi cant e ffect on almost a l l  traits but 
s tati s ti cal ly showed l ittl e e f fect in increasing  the differential 
respons e between inbreds and nitrogen l evels . Years and i ts i�nter­
a ctions with s everal of the treatments were s i gn i fi can t ,  emphas i zing 
the ef fect that di f ferent environments has on the inte rpretation of 
thes e traits and their responses . 
The f luctuation values shown i n  Tabl e 17 indicate the re­
spons e  that  the individual inbreds had as  n i trogen l evels  increas ­
ed . Stat i s tica l ly ,  the inbred by nitrogen l evel i nteractions  are . 
i n s ign i f i c ant for almost  a l l  o f  the traits , suggesting  that . there 
i s  a sma l l  amount of genetic variati on for ni trogen response in  
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inbr ed� . · But , i rive s t ig a t i on . ci f  iribr eds ha� i ng the �xtr em� type s 
of f l u ctua t i ons doe s show a '  s igni ficant va r i a t i on betwe en e.f f i ­
c i ent a nd i n e f f i cl ent i nbr ed s i n  t heir r e spon s e s .  E f fi c i ency 
· with in  ea c h  tra i t  is ident i f i ed by a sma l l  fl uctua t i on in  plant 
r e spon s e a s  l evel s of appl i ed N dectea sed . Th� fir st oid er i nt er­
r el a t i o n s h i p s  of the se a r ea s of n i tr og en e ff i c i ency  are s h own by 
the c or r e l a t i on s  in Ta b l e  18 and ind i cate  the c omp l e x it y  found i n  
eva l ua t ing for n itrogen-u se effic i ency.  
43 
L ITERATURE C ITED 
1 .  Bl a ck , C . A .  1 968 . Nitr ogen . p .  405-557 . in So i l - Pl a nt 
Relat i onsh ips · ( 2nd ed it ion ) .  John Wi l ey _ a nd Sons ,  Irie . , 
New York . 
2 .  Bruet s c h , T . F . , and G . O . Estes .  1976 . 
Nutr i ent Uptake E ffic iency in Corn .  
Genotype Var iat i on i h  
Agr on .  J .  68 : 521 -523 . 
3 .  Cata l d o , D . A . , L . E .  Schrader , D . M .  Pet er s on ,  and D .  Smith .  
1 975 . Factor s  Affect ing Seed Pr ote in Con c entrat ion in Oats· ;  
1 .  Metabol i sm and Di str ibut i on of Nitrogen and Carbohydrate 
in  Two Cult ivars that Di f fer in Groat Pr ot e in Conc entrat ion . 
Cr op Sc i .  15 : 1 9-23 . 
4 .  Cl ark , R . B .  1 973 . E f f i c i ency . of  Corn Inbreds a nd Sorghum 
Lines  for Nutr ient El ement s .  Pr o c .  28t h  Ann . Corn Sorghum 
Con f .  p .  144-160 .  
5.  Deckard , E . L . , R . J .  Lambert , and R . H .  Hag ema n .  1 973 • . Nitrate 
R educta s e  Act ivity in  Corn Leaves a s  Rel ated to  Yie l d s  o f  
Gra in and Gra in . Protein . Crop Sc i .  1 3 : 34 3-350 .  
6 .  Gor s l ine , G . W . , J . L .  Ra gland , and W . I .  Thoma s .  1 96 1 . Evidence 
· for Inher itance of Di fferent ial  Accumu l at i on of Ca l c ium ,  
Magnes ium a nd Pota s s ium by Ma i z e .  Crop Sc i .  1 : 155- 156 . 
7 .  Gor s l i ne ,  G . W . , W . I .  Thomas , and D . E .  Bak er . 1 964 . Inher itance 
- of P , K , Mg , Cu , B , Zn , Mn , Al and Fe Concentrat i ons by Corn Leaves 
and  Gra i n .  Cr op Sc i .  4 : 207-210.  
8 .  Hagema n , R . H . , and  D .  Fl esher . 1 960 .  Nitrate  Reducta se Act ivity 
in  Corn Seedl ings as Affected by Light and Nitrate Content of 
Nutr i ent Media . Plant Phys i ol . 35 : 700-707 . 
9 .  Hag ema n ,  R . H . , D .  F l e sher , and A .  Gitter . 1 96 1 . Diurna l Var­
iat i on and other Light E ffect s �n fluenc ing the Act ivity of  
Nitrate R educta s e  and Nitrogen Metabol i sm in  Cor n .  Crop 
Sc i .  1 : 201 -204 .  
1 0 .  Harvey , P . H .  1939 . Hered itary Var iat i on i n  Pl ant Nutr i t i on .  
Genet i c s  24 : 438-461 .  
1 1 .  Hoener ,  I .R . , and E . E .  DeTurk . 1938 . The Abs orpt i on and Ut il�  
i z at i on o f  Nitrate Nitrog en Dur ing Veg etative Growth by 
I l l ino i s  High Prote in and Il l ino i s  Low Prot e in Corn . Agron . 
J . 30 : 232-243 .  
44 
12 . Ind iana Agr i cultura l Exper iment Stat i on .  1 96 2 . The Purdue 
Soil  and Pl ant Tis �ue Tests � Ind iana Agr i c .  Exp. Stn . 
Bull . 6 35 .  
1 3. Jung , P . E . , L . A .  Peter son ,  and L . E . · Schrader . 1 972 • .  Response  
o f  Irr i gated Corn to Time , Rate and  Sourc e  o f  Appl ied N on 
Sandy So il s .  Agr on . J .  64 :668-671 . 
14 .  Kha l i fa ,  M . A .  1 973.  E f fects of  Nitr ogen on Lea f Ar ea Index , 
l ea f  Area Durat i on ,  �Net As s imilat i on Rate a nd Yield of  
Wheat . Agron . J .  65 : 253-256 . 
15 . Lang , A . L . , J .W .  Pendl eton , and G . H .  Dungan .  1 956 . In fluence 
of Popu l at i on and Nitrogen Level s on Yi e l d  a nd Prot e in and 
Oil Contents of Nine Corn Hybr ids . Agron . J.  48 : 284-28 9 .  
16 . Lathwel l ,  D . J .  1 975 . Fert i l izers  and Increa s ed Food Produc- . 
t ion . New York ( state ) Agr i c .  Exp .  Stn . , Itha c a .  
17 . Murata , Y .  1 96 9 .  Phys iol og i ca l  Respons e s  t o  Nitrogen in  
Pl ants . p .  235-259 .  in J .  Ea st in ( ed . ) Phys i ol og i ca l  
Aspect s o f  Cr op Yi elds . Amer . Soc . Agr on . Mad i son , Wi s .  
1 8 .  O' Sul l ivan , J . , W . H .  Gabl eman , and G . C .  Gerl o f f .  1974 . Var­
i at ion s  i n  Effic iency of  Nitrogen Ut i l izat i on in  Tomatoes 
( Lyc opers i c on escul entum Mi l l . ) Gr own Under Nitr ogen Stre s s .  
J .  Am. Soc . Hort . Sc i .  99 : 543-547 . 
1 9 . Schra der , L . , D . M . Pet erson , E .R . Leng , and R . H .  Ha geman .  
1 966 . Nitrate Reducta se Act ivity of  Ma i z e  Hybr ids  and 
Their Parenta l Inbred s .  Crop Sc i .  6 : 16 9- 1 72 .  
20. Smith , S . N . 1 934 . Response  of  Inbred Lines  and Cr o s s e s  in 
Ma i z e  to Var iat ions  of  Nitrogen and Phos phorus  Suppl ied a s  
Nutr i ent s .  Agron . J .  26 : 785-804 . 
21 . Terma n , G . L . , and J . C .  Nogg l e .  1 97 3 .  Nutr ient Conc entrat ion 
Changes  in  Corn a s  Affected by .Dry Matt er Accumulat i on with 
Age and Response to  Appl ied Nutr ients . Agron . J.  65 : 941-
945 . 
22 . Tyn er , E . H . 1946 .  The Rel at ion o f  Corn Yi e l d s  t o  Lea f Nitro­
gen , Phosphorus and Pota s s ium Content . So i l  Sc i .  Soc . Am .  
J .  1 1 : 317-323 . 
23 . Tyner , E . H . , and J . R .  Webb. 1 946 . The Re l at i on o f  Corn Yi elds 
t o  Nutr ient Ba lance a s  R evea l ed by Lea f Ana l ys i s . Agron . J .  
38 : 1 73-185 . 
45 
24 . U . S . D . A .  Stat i �t i ca l  Report ing Serv i c e �  1 976 .  South Dak ota 
Cr op-Weather Summary. U � S .D . A .  Stat i st ical  R eporting 
Serv i c e . Si ou·x Fa l l s , S .D �  Bul l .  29 . Oct ober °18 . 
25 . V i et s , � . G . 1 965 . The Pl ants Need for a nd Use  o f  Nitrogen . 
p .  508-548 . in W . V . Barthol omew and F . � .  Cl ark ( ed . ) . 
Soi l  Nitrogen . Am. Soc . of  Agron.  Madison , Wi s .  
26 . War nck e ,  D .D . , and S .A .  Barber . 1 973 . Ammonium and Nitrate  
Uptake  by Corn ( Zea mays ) a s  Infl uenced by Nitr ogen Con­
c entrat i on and NH4/N03 Rat i o .  Agron . J .  65 : 950- 953 . 
27 . Z i e s erl . J . F . , and R . H .  Hageman .  1 962 . E ffect  of Genet i c  
Compos it ion o n  Nitrat e Reducta se  Act ivity ' in Ma i z e . Cr op 
Sc i .  2 : 512-515 .  
28 . Zi e s erl , J . F . ,  W . L .  R ivenba ck , and R . H .  Ha geman . 1 96 3 .  Ni­
trat e  R eductase  Act ivity, Pr otein  Content , and Yield  o f  
F our Ma ize  Hybr ids a t  Varying Pl ant Popula t i o0 s . Crop Sc i .  
3 : 27-31 . 
46 
